We propose a new system of an all optical switching system using an optical add/drop filter consisting of two nano ring resonators. The dynamic behavior of dark-bright soliton collision within the modified add/drop optical filter device, which it is known as PANDA ring resonator. By using the dark-bright soliton conversion control within the PANDA ring, the obtained output signals can be attenuated and used to perform the single photon switching, which is capable for security code application. Results obtained have shown that the random binary codes based on a single photon switching can be formed by using the polarized light components, dark and bright solitons, whereas the single photon switching codes can be obtained by using the attenuated dark-bright soliton conversion signals output signals.
Introduction
Recently, Yupapin et al. [1] have shown that the large bandwidth light pulses can be generated and compressed optically within a micro ring resonator, and the use of such a proposed device in various applications has also been reported [2] [3] . They have also reported the interesting results of light pulse, i.e. a soliton pulse propagating within a nonlinear micro ring device, where the transfer function of the output at resonant condition is derived and used. They found that the broad spectrum of light pulse can be transformed to the discrete pulses. The use of soliton, i.e. bright soliton in long distance communication link has been implemented for nearly two decades. However, the interesting work of using bright soliton in communications still remain, whereas the use of a soliton pulse within a micro ring resonator for communication security has been studied [4] . Dark soliton is one of the soliton properties in which the soliton amplitude is vanished or minimized during the propagation in media. Therefore, dark soliton detection is difficult and it can be converted easily to bright soliton via a dark-bright soliton conversion [5, 6] . The investigation of dark soliton behaviors has been previously reported [7] . The required users can retrieve the original signal via an add/drop filter. They can chose to retrieve in either bright or dark soliton pulses depending on the device parameter for signal processing or networking. Dark-bright soliton control within a semiconductor add/drop multiplexer numerous applications. It has been investigated clearly by the authors in references [6, 8] . One of the advantages is that the dark soliton peak signal is always at a low level, which is useful for secured signal communication in the transmission link [9] .
From the previous reports, the searching of new optical encoding technique remains, therefore, in this work we propose the use of dark-bright optical soliton conversion [8] . and control within a tiny ring resonator system [6, 10] , which is formed by using an all optical devices. The system consists of an add/drop optical filter and known as a PANDA ring resonator [11] . The binary codes using single photon bits can be formed and retrieved by using the random polarized light and the attenuated dark-bright soliton conversion within the system, respectively. The advantage of this technique is that the random binary codes can be formed by controlling one of the input solitons into the PANDA ring resonator ports, which can be available for formation security requirement, moreover, the device dimension can be used to form an array/large photonic circuits, whereas the coding capacity can be increased.
Theoretical Background
A proposed system consists of the add/drop optical multiplexer that uses for random binary code generation, and the other is the add/drop optical filter that uses to retrieve or decode the required binary codes. The resonator output field, 1 t E and 1 E consists of the transmitted and circulated components within the add/drop optical multiplexing system. The proposed system consists of an add/drop filter and double nanoring resonators as shown in figure 1 . To perform the dark-bright soliton conversion, dark and bright solitons are input into the add/drop optical filter system, whereas the input optical field (E i1 ) and the control port optical field (E con ) of the dark-bright solitons pulses are given by [12] 1 0
in which A and z are the optical field amplitude and propagation distance, respectively. T is the dispersion length of the soliton pulse. T 0 in equation is a soliton pulse propagation time at initial input (or soliton pulse width), where t is the soliton phase shift time, and the frequency shift of the soliton is 0 . This solution describes a pulse that keeps its temporal width invariance as it propagates, and thus is called a temporal soliton. When a soliton peak intensity When light propagates within the nonlinear medium, the refractive index (n) of light within the medium is given by
with n 0 and n 2 as the linear and nonlinear refractive indexes, respectively. I and P are the optical intensity and the power, respectively. The effective mode core area of the device is given by A eff . For the add/drop optical filter design, the effective mode core areas range from 0.10 to 0.50 m 2 , in which the parameters were obtained by using the related practical material parameters [(InGaAsP/InP) [13] [14] [15] . When a dark soliton pulse is input and propagated within a add/drop optical filter as shown in figure 1 , the resonant output is formed. When the input light pulse passes through the first coupling of the add/drop optical multiplexing system, the transmitted and circulated components can be written as For the second coupler of the add/drop optical multiplexing system, E j E
where 2 is the intensity coupling coefficient, 2 is the fractional coupler intensity loss. The circulated light fields, 0 E and 0 L E are the light field circulated components of the nanoring radii, r R and L R which coupled into the right and left sides of the add/drop optical multiplexing system, respectively. The light field transmitted and circulated components in the right nanoring, r R , are given by 2 0 1 02 (1 )(1 ) (1 )
( 1 4 ) Similarly, the output circulated light field, 0 L E , for the left nanoring at the left side of the add/drop optical multiplexing system is given by (1 )(1 ) (1 )
( 1 5 ) where 3 is the intensity coupling coefficient, 3 
Thus, from Eqs. (3), (5), (16)- (18), the output optical field of the through port ( 1 t E ) is expressed by
The power output of the through port ( 1 t P ) is written by In order to retrieve the required signals, we propose to use the add/drop optical multiplexing device with the appropriate parameters. This is given in the following details. The optical circuits of ring resonator add/drop multiplexing for the through port and drop port can be given by Eqs. (20) and (22), respectively. The chaotic noise cancellation can be managed by using the specific parameters of the add/drop multiplexing device, and the required signals can be retrieved by the specific users. 1 and 2 are the coupling coefficients of the add/drop filters, k n =2 / is the wave propagation number for in a vacuum, and the waveguide (ring resonator) loss is = 5 10 -5 dBmm 1 . The fractional coupler intensity loss is = 0.01. In the case of the add/drop multiplexing device, the nonlinear refractive index is neglected.
The electric field detected by photo dectector D 3 is given by [16] ; 
The electric field detected by photodectector D 4 is given by 
The light pulse output power detected by photodectector D 4 is defined as .
In simulation, the used parameters of the first add/drop filter (optical multiplexer, PANDA ring resonator) are fixed to be 0 = 0.1, 1 
Photon Switching
The dark-bright soliton collision signals are obtained and shown in figure 2 . Tthe simulation result of the light pulse is generated within the add/drop optical filter system at center wavelength 0 = 1. When a dark soliton light pulse with 1W peak power is input into the input port traveled and passes through the first coupler, 1 , which one part split into through port and other to arc at E 1 of add/drop optical multiplexer. The cross phase modulation (XPM) output power is as shown in figure 2(a) . Then the light pulse entered and circulated in the right nanoring resonator radii, R r , which it passes to the add/drop optical multiplexer at E 2 , whereas the output power has amplifies (larger amplitude) as shown in figure 2(b) . To use the control function, a bright soliton with 1W peak power is input into the control port, then it passes through the second coupler, 2 , and it is multiplexed with the light pulse from E 2 . The output light is then split into two ways, where one part is split into drop port, E t2 , the power output as shown in figure 2 (e), and other is split into the arc of add/drop at position E 3 , the output power as shown in figure 2(c) . Finally, the light pulse travels and enters into the left nanoring resonator radii, R L , that passes to the add/drop optical multiplexer at position E 4 , the output power is amplified again as shown in figure 2(d) and traveled into the first coupler, 1 , then entering into through port, E t1 , and E 1 , whereas the amplitude is more amplifier that the one as shown in figure 2(f). In operation, the random binary codes are generated within the add/drop optical multiplexer, which are seen at the drop port ( figure 2(f) ), then traveling passes through the PBS, whereas the polarization phase shift of the two components is 90 , which means that the random polarization states of two components can be used to form the random binary code patterns and the binary code signals, which can be observed by using the photo detectors D 1 and D 2 . The referencing binary code patterns are set as shown in figure 3(a) and 3(b) , where the binary codes detected by D 1 are '10101010101010101 0101010101010101010101010101010' and '10101010101010101010101010101010101 0101010101010' patterns. The binary codes detected by D 2 are '10101010101010101 0101010101010101010101010101010' patterns. In this work, the obtained pulse switching time of 12.8ns is noted. In operation, the random binary codes can be retrieved in the form of dark-bright soliton conversion via the add/drop optical filter output port as shown in figure 4 , whereas the pattern of dark soliton conversion is '101', and the bright soliton is '010', which they are randomly codes relating to the referencing codes in figure 3 .
In figure 1 , to perform the single photon switching, the add/drop filter is replaced by a beam splitter, and the attenuator is required and placed before the beam splitter. The bright soliton power is attenuated to reach the single photon power, while the dark soliton power is split by 50: 50 ratio and detected by the both photo detectors. The random single photon output can be seen by a photo detector D 3 or D 4 , which is formed a state "1". This results no photon is detected by D4 or D3, which is formed a state "0, i.e. no photon (dark). This means that the single photon switching is randomly formed. Moreover, the obtained switching photons can be referred to the referencing codes/signals as shown in figure 3 , where the output photo states can be confirmed. 
Conclusion
We have analyzed and described dark-bright soliton collision behavior within a PANDA ring resonator, which there is an interesting aspect called dark-bright soliton conversion that can be useful for random binary code application. We have also presented the use of the proposed system to generate the random codes, whereas the random binary codes using dark-bright optical soliton conversion within the add/drop optical multiplexer can be formed. In order to obtain the required binary codes, first we set the dark and bight soliton pulses to be '0' and '1', respectively. By using the dark-bright soliton pulse trains, the dark and bright solitons can be separated by using PBS, which can be used to set the referencing codes, where finally, the required codes can be relatively obtained to the referencing codes via the add/drop filter output ports. The advantage of the device is that the different binary code patterns can be randomly generated by changing the setting parameters, which can be available for security code generation. The single photon switching can be easily obtained by using the attenuator before the beam splitter and detectors.
